With the advent of significant establishment and development of Internet facilities and computational infrastructure, an overview on bio/chemoinformatics is presented along with its multidisciplinary facts, promises and challenges. The Government of India has paved the way for more profound research in biological field with the use of computational facilities and schemes/projects to collaborate with scientists from different disciplines. Simultaneously, the growth of available biomedical data has provided fresh insight into the nature of redundant and compensatory data. Today, bioinformatics research in India is characterized by a powerful grid computing systems, great variety of biological questions addressed and the close collaborations between scientists and clinicians, with a full spectrum of focuses ranging from database building and methods development to biological discoveries. In fact, this outlook provides a resourceful platform highlighting the funding agencies, institutes and industries working in this direction, which would certainly be of great help to students seeking their career in bioinformatics. Thus, in short, this review highlights the current bio/chemoinformatics trend, educations, status, diverse applicability and demands for further development.
INTRODUCTION
In this Indian outlook, we recall the history of bio/ chemoinformatics in India, overview of current research and education and discuss about promises and challenges. India has experienced an extensive growth in the areas of bio/chemoinformatics in the past decades since 1960s, which marks the appreciable discovery of Ramachandran plot derived by Prof. G. N. Ramachandran and colleagues. This discovery has contributed significantly in the foundation of modern structural biology. The term bioinformatics was coined by Paulien Hogeweg and Ben Hesper in 1978 for the study of informatics processes in biotic systems [1] . In the mid-1990s and early 2000s, rapid expansion of the field was powered by the Internet boom worldwide and in India. Today, India has the world's third-largest Internet user-base, with >190 million users as of November 2013 [2] . Bioinformatics uses the principles of statistics, mathematics, physics and chemistry to address the problems in biology by using computational methodologies. The early contributors to the field of bio/chemoinformatics were from either life sciences or physical sciences who had realized the potential of computational approaches in the study of biology. As the discipline evolved and its scope became broader, the implementation of bio/chemoinformatics has grown in various fields as shown in Figure 1 . Today, bio/chemoinformatics research in India is characterized by a large variety of biological questions addressed and the close collaborative efforts between computational scientists and biologists, with a full spectrum of focuses ranging from database building and algorithm development to hypothesis generation and biological discoveries, namely, drug discovery, proteomics, genomics, system biology and next-generation sequencing.
Although challenges remain, the future of bio/ chemoinformatics in India is promising owing to few vital factors, namely, advanced computational infrastructure and experimental biology research, government funding and, most importantly, a vast pool of bioinformatics professionals who constitute not only those from other disciplines who have adopted this field but also those who have returned to India after their formal training overseas and a new generation of domestically trained bioinformaticians .
The field of bio/chemoinformatics has undergone significant evolution in India. An approximate useful indicator of the field is the number of bio/chemoinformatics, computational biology, drug designing, proteomics and genomics publications from India up to April 2014 indexed in PubMed at National Center for Biotechnology Information (NCBI) as shown in Figure 2 . The number of publication has been increasing significantly over the past decade, indicating that the contribution of bio/chemoinformatics research is becoming more significant within the life sciences in India. Furthermore, comparing the 10 years data for chemoinformatics versus drug designing (490/10 and 327/5 years) and proteomics (686/10 and 496/5 years), we observed that the growth in the number of publications has been much faster (70%) in the past 5 years. It thus gives an insight into the significant contribution of Indian research in the field of bio/chemoinformatics and indicates that bio/chemoinformatics as a field is enjoying a faster growth rate in India.
EDUCATION: A NEW GENERATION OF LOCALLY TRAINED BIO/ CHEMOINFORMATICIANS
Bio/chemoinformatics talent in India is getting a preferential volume. Bioinformatics is basically seen as a discipline of life science departments and most institutes offer bioinformatics programme under the biology division. However, they are working together with the information technology and computer science section. In addition to local bio/ chemoinformatics professionals who have transformed from various other disciplines, there is another new talented pool of professionals who have returned to India after their formal training overseas.
A growing talent pool that has emerged in the past few years is the new generation of young professional scientists trained in local bioinformatics degree programmes. There are various courses offered by the universities and institutions (statewise contribution given in Figure 3 ) for bioinformatics education in India. Thus, India is racing to improve the academic scenario in the field of bio/ chemoinformatics, which shall ultimately improve the career perspectives of the professionals.
Even though various government and private universities/institutes offer different courses, namely, Diploma-, Bachelor's-and Master's-level courses (listed in Table 1 ), still improvements in the syllabus are essential to meet the requirement of developing technologies and research areas. Previously, the detailed national scenario of bioinformatics education . In addition to the graduatelevel programmes, availability of doctoral and postdoctoral programmes has provided an impetus to bioinformatics research in India.
DBT started a BioInformatics National Certification (BINC) examination in 2005 with the objective to certify the bioinformatics knowledge and skills of the students (http://bioinfo.ernet.in/ binc). The BINC examination from 2005 to 2013 has been conducted nine times, and only 140 students from different universities have qualified it. The year-wise distribution of candidates who qualified the BINC examination to date is given in Figure 4 .
GRID COMPUTING IN INDIA
Bioinformatics requires good computational facility to perform required tasks, and in the past years the demand for high-performance computing has greatly increased, as many of these tasks are computationally intensive and can take days, months or even years to complete on a single processor. Thus, high-performance computing facilities is a requirement to complete multiple bio/chemoinformatics tasks such as homology search [3] , virtual screening [4] [5] [6] , molecular docking [4, [6] [7] [8] , quantitative structure activity relationship (QSAR) [9, 10] , molecular simulation [4, 8, 11] , machine learning and cell simulation. Grid computing has a potential for expansion in computing performance by connecting a large number of computers or PC clusters with high-performance networks [12] . Grid technologies enable sharing of bio/chemoinformatics data from different sites by creating a virtual organization of the data.
India is the first country in the world to establish a Biotechnology Information System (BTIS) network, i.e. BTISnet, in 1987. BTIS was developed with an aim to harness biotechnological applications through the use of bioinformatics. It is mainly focused towards infrastructure and human resource development. A few grid computing projects ongoing in the world include APBioNet (apbionet.org/), BIOGRID (biogrid.engr.uconn.edu/REU/), EGEE (eu-egee.org/), EMBRACE (embracegrid.info/), GARUDA (garudaindia.in/), Grid Project (worldcommunitygrid.org/), OBIGrid (obigrid.org/) [13] and SETI@HOME (setiathome.berkeley.edu/). Of these projects, GARUDA (garudaindia.in/) and BIOGRID (scfbio-iitd.res.in/) are India's grid computing projects. BIOGRID is a dedicated virtual private network connecting the major centres (Table 2) and allows sharing of data as well as computing resources. In February 2013, Centre for Development of Advanced Computing launched India's fastest supercomputer i.e. PARAM Yuva-II with 500 teraflop capacity. According to the estimates of November 2012, PARAM Yuva-II is the most power efficient supercomputer in India, 9th in the Asia-Pacific region and on 44th in the world (http://cdac.in).
Recently, ICAR has taken an initiative and developed national grid for specific agricultural domains at five centres, namely, National Bureau of Animal Genetic Resources (NBAGR) (nbagr. res.in/), National Bureau of Plant Genetic Resources (NBPGR) (nbpgr.ernet.in/), National Bureau of Fish Genetic Resources (NBFGR) (nbfgr.res.in), National Bureau of Agriculturally Important Microorganisms (NBAIM) (nbaim.org.in/) and National Bureau of Agriculturally Important Insects (NBAII) (nbaii.res.in/), with Currently, all over the country, BTISnet has spread its network and >65 institutions and universities are connecting with this network, and its resources are used by 15 000 scientists and >100 subject-specific databases (btisnet.gov.in/).
MULTIDISCIPLINARY FACTS IN THE PRESENT SCENARIO
Since the mid-1990s, bio/chemoinformatics in India has experienced noteworthy progress fuelled by
Internet and data explosion. Such significant growth is due to: (i) institutional support, (ii) government funding and (iii) importantly, a growing number of Indian professionals returning to India after formal overseas training and research experience in bio/chemoinformatics. Nowadays, this field is considerably strengthened by a large variety of biological problems addressed and the close collaborations between computational biologists, biostatisticians and basic biologists who provide infrastructure, developing databases and algorithms for generating hypotheses and making significant biological discoveries.
To provide extensive biological data resources (genomics, proteomics, clinical, pharmacological, etc.) and services is an important part of bio/chemoinformatics. India has developed and maintained a number of biological databases and methods, which are implemented and incorporated into web servers and software packages. Few of these databases/methods and servers/software are listed in Tables 3 and 4 , respectively. These resources address a variety of biological problems and have a large number of national and international user base.
Bio/chemoinformatics is being extensively used in multidisciplinary areas in a number of institutes. However, there are some institutes dedicated to a specific area of scientific research, namely, genomics, proteomics, system biology, cell biology, drug discovery, etc. They are providing considerable contribution at both national and international levels. Few such institutions and their area of specializations are listed in Table 5 . Research institutes and universities devoted only to research on a specific scientific topic (broad area) are not common to find in India, and even if they were established to conduct such particular researches, often, such places start research work on related areas. For example, starting from the pioneering works of G. N. Ramachandran [120] , the Molecular Biophysics Unit (http://mbu. iisc.ernet.in/) of Indian Institute of Science, Bangalore, has traditionally produced a series of authentic papers on myriad aspects of protein and peptide structure research. Similarly, the Bioinformatics Centre (http://www.bicnehu.ac.in/), North-Eastern Hill University, Shillong, has contributed significantly on the documentation, annotation and characterization of Indian biodiversity. There are many other examples of research laboratories that have contributed significantly in particular small aspects of research denoted by their trail of publications. (continued) (continued) http://bioinfo.net.in/protfract/index.html [72, 73] (continued) (continued) (continued) However, few to cite are publications on sequence comparison and sequence-based predictions from National Centre for Biological Sciences, Bangalore [121, 122] ; publications from Indian Institute of Chemical Technology, Hyderabad, investigating the cation-pi interactions in proteins and DNA [123, 124] . Publications could also be found from Indian Institute of Technology, Chennai, on indepth characterization of protein structure-function [125, 126] ; from Delhi University on characterization of biochemical networks [127, 128] ; from Bioinformatics Centre, University of Pune on immunoinformatics [99, 129] and fractal characterization of proteins [60, 61] ; from Department of Biochemistry, Indian Institute of Science, Bangalore, on systems biological investigation of mycobacterium tuberculosis [130, 131] ; from Saha Institute of Nuclear Physics, Kolkata, on force-field characterization in RNA and DNA structures [132, 133] ; and from National Chemical Laboratory, Pune, on detailed evaluation of structural movements in quantum scale [134] . Centre of Cellular and Molecular Biology (CCMB) Conduct and promote high-quality basic research and training in frontier areas of modern biology and inter-disciplinary areas of biology.
Centre for Systems and Synthetic Biology (CSSB) Generate knowledge in these emerging areas of systems and synthetic biology, leading to useful and novel applications
Centre for DNA Fingerprinting and Diagnostics (CDFD)
Focuses largely on molecular epidemiology of bacterial pathogens, structural genetics, molecular genetics, bioinformatics and computational biology.
Institute of Bioinformatics (IOB) Databases, computational genomics, proteomics and comparative genomics.
Indian Institute of Chemical Biology (IICB) Diseases of national importance and certain biological problems of global interest.
Institute of Genomics and Integrative Biology (IGIB) Genomics, molecular medicine, bioinformatics, proteomics and environmental biotechnology.
Institute of Nuclear Medicine & Allied Sciences (INMAS)
Engaged in research in the field of basic and applied medical sciences including development of radioprotectors and treatment modalities for management of radiation emergencies, endocrinology, biodosimetry, development of potential pharmaceuticals as contrast agents for nuclear medicine and magnetic resonance imaging and strategies for chemical, biological, radiological and nuclear defence, besides futuristic research on neurocognitive disorders.
Indian Institute of Integrated Medicine (IIIM) Discovery of new drugs and therapeutic approaches from Natural Products, both of plant and microbial origin, enabled by biotechnology, to develop technologies, drugs and products of high value for the national and international markets.
Institute of Cytology and Preventive Oncology (ICPO)
The thrust areas of research include pre-cancer and cancer of the uterine cervix and breast in women.
International Centre for Genetic Engineering and Biotechnology (ICGEB)
Dedicated to advanced research and training in molecular biology and biotechnology and holds out the prospect of advancing knowledge and applying the latest techniques in the fields of: biomedicinê crop improvement environmental protection/remediation biopharmaceuticals and biopesticide production National Institute of Biomedical Genomics (NIBG)
To conduct and promote cutting edge research in Biomedical genomics for better understanding of public health need.
National Centre of Cell Sciences (NCCS)
Research in basic and modern biology to create new knowledge and technologies for human welfare NIRRH R&D in reproductive health.
The Centre for Genomic Application (TCGA) National facility set up as a public^private partnership in life sciences that aims to provide affordable high-end research infrastructure and services to R&D laboratories in private and public sectors and the scientific community.
With the development of research in India-based pharmaceutical companies such as Biocon India (biocon.com), TCS (tcs.com), Infosys (infosys.com), Piramal (piramal.com), Ranbaxy (ranbaxy.com/ india), Dr. Reddy's Laboratories (drreddys.com), Dabur (dabur.com), Cipla (cipla.com), Zydus Cadila (zyduscadila.com), Reliance Life Sciences (rellife.com) and Wockhardt (wockhardt.com/), the applications of chemoinformatics have been exhaustively used for drug discovery. Chemoinformatics studies have significantly contributed in reducing the time and cost constrain for drug development [135] .
India has a vast pool of patient clinical data, which is not only huge in quantity but also with great diversity. Therefore, it provides scope for significant analysis and research of therapeutic relevance. Keeping this fact in mind, ICMR (icmr.nic.in/) has taken initiatives to open many research institutions in collaboration with hospitals; few such institutes are listed in Table 6 . Bio/chemoinformatics has contributed significantly for accelerating such biomedical research.
Agriculture Information Technology (AgIT) is the new global boom. Agriculture being a widespread occupation in India, there is constant demand for research that accounts for improving the quality and quantity of production as well as their high maintenance. AgIT thus provides such opportunities and possibilities to incorporate bio/chemoinformatics studies for significant agriculture research. 
THE FUTURE: PROMISES AND CHALLENGES
Bio/chemoinformatics as a multidisciplinary field requires involvement of experts from several core domains, namely, from basic areas of biology, physics, chemistry, mathematics, statistics, computer science and information technology. With a large pool of talented manpower, specialized and focussed training and multidisciplinary networks and collaborations, it promises to catalyze major change. Today, bio/chemoinformatics research in India is significantly poised to compete with the rest of the world. The exponential growth in this field suggests a bright future for informatics research in basic sciences that has opened new avenues to the career paths. With the advent of bio/chemoinformatics, biological research at large is attaining momentum in India and progressing rapidly owing to efficient manpower. We (as Indians) have already set a benchmark in information technology and computation, and the future holds an opportunity to do so for bio/chemoinformatics with proper planning. National and international collaborations with experts in the respective areas of biology, computational biology and information technology and bio/chemoinformatics professionals give an insight to solve the important biological problems and help aid experimental validation of their predictions and hypotheses. Such collaborations are also required to access new globalized and vast available and emerging biological data for analysis. Newly set up departments for bioinformatics are helped by visiting faculties and are sharing computational facilities with well-established laboratories/institutes through collaborations. In India, the funding for research and development (R&D) has been increasing in the past decades, and stands seventh globally in terms of R&D investments in 2012 and is expected to retain the position in general. The R&D investments are expected to increase to US$45.2 billion in 2013 from US$38 billion in 2011 (http://www.ibef.org).
Despite such promising future, current challenges remain. The national investment allocated is, in general, applied for overall scientific R&D. This is further divided into different sector of research, and more over funding for experimental research are comparatively better than for theoretical research. Thus, the allocation for bio/chemoinformatics is apparently just a fraction of the total allocation. Despite this, research is being carried out across many institutions in India. Therefore, there should be channelized fund distribution, which will aid the growth and development of bio/chemoinformatics research for efficient utilization of the available potential human recourse. There is an equal demand for timely and appropriate arrangement of resources and financial support to initiate more collaborations at national and international levels, which will help the exchange of knowledge and further update bioinformatics research. Further, there is a need of collaborative work for medical and bio/chemoinformatics professionals to extensively study and analyse the vast and variant clinico-pathological data owing to abundance of patient data in India. It will be important to make efficient resources available to process and store large-scale high-throughput data. NCBI (www.ncbi.nlm.nih.gov/), European Bioinformatics Institute (www.ebi.ac.uk/) and DNA Databank of Japan (www.ddbj.nig.ac.jp/) are the milestones in bio/chemoinformatics. With the availability of proficient human resources and computing infrastructure, it will be important to consolidate this strength into creation of a centralized facility in India wherein the existing resources, expertise and information could be made accessible to researchers in these and allied areas. Access and sharing of journals/publications and other resources, though available through UGCs INFLIBNET and other network programs, requires to be enhanced or increased by including a large number of relevant literature in the area of bio/chemoinformatics. Professionals from this field often face problems in job application process, payment scale, funding system, etc. Regardless of available qualified professionals, most of the institutions/universities have fewer job opportunities. Lesser availability of teaching positions in relevant educational institutes, on one hand, has decreased the job opportunities for available trained bio/chemoinformatics individuals, while, on the other hand, it has also resulted in non-availability of required qualified teachers, thus affecting the quality of training in educational institutes. The trained human recourses in these areas could also find utility of their expertise in biotechnology-related industries and in large hospitals in disease prognosis, diagnosis and therapeutics, which will also generate new information. The analysis of the existing information in creation of new products or applications as well as improvement of existing molecules or processes in their utilization can be greatly enhanced by a team of trained bio/chemoinformaticians. Such an opportunity would automatically have a positive impact on the quality of training as well as creation of competent human resource. Hand-holding between such industries and the educational/research institutions on large-scale is therefore desirable. The government agencies, therefore, could influence the industry sector/entrepreneurs and facilitate creation and expansion of this component in biotechnology/bioinformatics-related industries. With the advent of new technologies, training programmes as well as multidisciplinary research, time has come that the fundamentals of bioinformatics become an integral part of early basic training in colleges. Thus, India has a great potential for creating as well as providing highly competent bio/chemoinformatics personnel for training and research in India and the rest of the world for research institutes and industries.
CONCLUDING REMARKS
India has come a long way since the origin of bio/ chemoinformatics and has made its own distinct global contributions in the R&D sectors. India has already taken the crucial steps to develop the required computing infrastructure and initiated a number of training programmes, both generalized and specialized in respective areas. The funding and support by government agencies have already shown its positive impact in terms of well-recognized publications and scientific advances. As bio/chemoinformatics in India continues to grow, it is expected to increase the exchange of data, tools and talent between India and other countries. We believe the future is bright for bio/chemoinformatics in India and worldwide.
Key Points
Highlighting the current scenario of bio/chemoinformatics education and research in India. List of educational institutes and research centres for bio/ chemoinformatics. Applications of bio/chemoinformatics in the field of medicine and agriculture. Growing development of computational resources and tools for bio/chemoinformatics research. Need to fulfil the demand for accelerating bio/chemoinformatics education and research in India.
